Recently we have observed that muscle polyribosomes obtained from patients with Duchenne muscular dystrophy (DMD) synthesize abnormally large amounts of collagen when combined with soluble enzymes derived from the same patient's muscle.' Increased protein synthesis in the carrier state of DMD has also been observed and has proved useful in the detection of h e t e r o~~~o t e s .~
In this study, we tested four biochemical parameters in skeletal muscle from patients w i t h f a cioscapulohumeral (FSH) muscular dystrophy: (1) total ribosome concentration, (2) ribosome distribution, (3) in vitro amino acid incorporation by fractionated ribosomes, and (4) in vitro collagen synthesis. Because three of these parameters are abnormal in patients and two are abnormal in carriers of D M D , '~~ we wanted t o know if similar distwbances in ribosomal protein synthesis are found in FSH muscular dystrophy.
Material and methods
Eight patients with FSH muscular dystrophy and five normal controls matched for sex and age were examined. Muscle samples of patients and controls were obtained from the left vastus lateralis. Technical details about the muscle biopsy, the procedure for the preparation of the muscle extracts, and the evaluation of ribosomal protein synthesis were presented in previous papers. ' 74 The specimens for light microscopy were fixed in Susa's fixative, and longitudinal and transverse sections were stained with hematoxylin and eosin, Mallory's trichrome, phosphot u n g s t i c acid-hematoxylin, and periodic acid-Schiff reagent.
Determination of noncollagen protein in the muscle homogenate was done by the method of Lowry and associates5 using bovine serum albumin as standard. A statistical analysis of the data was done by estimation of Fisher's t coefficient.
The method of ~u~h e s ,~ as modified by Bray and ~errendelli,' was used for the determination of serum creatine phosphokinase (CPK) levels.
Results
All the patients had a family history of the disease, which suggests autosomal dominant inheritance. Although all had the typical symptoms of facial weakness, they seemed to be clearly separable into two groups depending on how far the coadition had progressed. Four of them were in an early stage of the disease since only the facial nluscles were involved; furthermore, the deltoid muscle biopsy gave a normal histologic picture (cases 1 through 4). The other four (cases 5 through 8) were in an advanced stage, with weakness and atrophy of the shoulder and pelvic muscles; on histologic broader monomeric peak with many more polyexamination, biopsies of their deltoid inuscles ribosomes on the slowly descending shoulder showed dystrophic changes dominated by varia-on the right (heavy) side of the major peak (figtion in myofiber size (table 1) . Serum CPK level ure 1). Muscle ribosomes froin seven of the was moderately elevated in six patients (three eight patients showed normal distributions on in early and three in late stages) and normal in sucrose density gradients. The solid line in figtwo ; thus, the elevated CPK level was not useful in grouping the patients into early or advanced stages.
Homogenates of the biopsied muscle were used to prepare ribosomes, which were separated into several classes by sucrose density gradient centrifugation. The analysis of their distribution and activity was done as previously reported for patients with DMD.' ure 1 shows the distribution of ribosomes from the deltoid muscle in a typical control, while figure 2 illustrates the very similar ribosome pattern from a patient in an early stage of the disease. Of the eight FSH patients, only one (case 5) showed an abnormal pattern with an increase in monomeric ribosomes.
3) Amino acid incorporation in the early stage. After separation of the ribosomes into 20 1) Ribosome content. As seen in table 2, fractions by sucrose density gradient centrifugathe concentration of ribosomes in all the classes t i o n , t h e incorporation of a mixture of studied was the same both in patients and con-cI4-labeled amino acids (Schwartz Bioresearch trols when expressed in terms of the amount of 3122-08) in the presence of added soluble ennoncollagen protein. The noncollagen protein zymes from the same subject was used as a content itself was also normal in the patients, measure of protein synthesis.' > 4 The specific being 67. Figure 5 shows the protein synthetic activity of ribosomes separated by sucrose density gradient centrifugation; figure 6 is identical Fraction number Figure 4 . Sucrose density gradient analysis of ribosomes from the vastus lateralis muscle of the same patient as in figure 3 . The gradient was layered with 116 pg of the major ribosome fraction. The amount of dystrophic soluble enzyme used was 88 pg.
except that collagenase has been used to make trichloroacetic acid-soluble any collagen protein labeled in vitro. Collagen synthesis is detected by a lowering of incorporation, as shown in figure 6 compared with figure 5 . Since both incorporation profiles are approxiniately the same, within the errors of the experiment, we conclude that the material from this patient, who is in an advanced stage of the disease, does not synthesize appreciable amounts of collagen. A similar experiment (not shown here) using material from a patient in an early stage of the disease (case 2) also showed normal levels of collagen labeling on sucrose density gradient analysis. On the other hand, we showed previously that in DMD, 20 to 40 percent of the amino acids were incorporated into collagen by the sucrose density gradient fractions of the dystrophic ribosomes. show that protein synthesis i n FSH deviates from normal by an increased rate of synthesis during the early stage of the disease and by a decrease in protein synthesis i n monomeric ribosomes a t all stages of the disease. Table 6 also shows some differences with protein synthesis in DMD. The concentration of noncollagen protein in the sedimented ribosomes was within normal values even i n the advanced stage of the disease (tables 5 and 6), while all our patients with DMD had low values. The distribution of the muscle ribosomes o n sucrose density gradients produced the distinctive Duchenne profile only in o n e patient; the other seven had a normal pattern. The specific activity of dystrophic monomeric ribosomes for incorporating amino acids in vitro was significantly low throughout the whole course of FSH muscular dystrophy. The latter change might be caused by any number of factors, including a possible disorder in the initiation of protein synthesis. An increased activity of dystrophic fractionated polyribosomes for incorporating amino acids in vitro was significantly high only in the early stage of the disease. The sedimented polyribosomes, which in DMD incorporate amino acids mostly into collagen, have normal activity i n FSH muscular dystrophy. The absence of any increase i n collagen synthesis is the major difference between FSH muscular dystrophy and DMD (tables 5 and 6). Perhaps this biochemical feature is responsible for the benign course of the disease. Thus, the high amino acid incorporation of the FSH polyribosomes reflects the synthesis of noncollagen, perhaps contractile protein, consistent with muscle regeneration. The most active ribosomes are contained in the fractions 1 0 through 15 (figures 2, 3 and 4). According t o the experiments of Heywood and ~i c h~ with chick embryo muscle, these fractions could synthesize actin or tropomyosin.
Discussion F a c i o s c a p u l o h u m e r a l muscular dystrophy differs in several ways from DMD. The inheritance of FSH muscular dystrophy is autosomal dominant while that of the
T o illustrate correlations between amino acid incorporation of FSH dystrophic ribosomes, clinical findings, serum CPK, and histologic findings in muscle, the data are summarized i n table 7. Patients i n the early stage Fraction number Figure 6 . Sucrose density gradient analysis of ribosomes from the deltoid muscle of the same patient as in figure 5 . Collagenase test was performed on these ribosomes. The amount of ribosomes layered on the gradient and the amount of dystrophic enzyme were the same as in figure 5 .
(cases 1 through 4) show changes in ribosomal protein synthesis of the deltoid muscle, yet the results of the routine histologic examinations are normal. Proliferation of endomysial connective tissue, a typical finding in DMD, even in the preclinical stage,g was not seen even in the advanced stage of FSH muscular dystrophy (table 1) . Furthermore, the serum CPK level was elevated in three FSH patients and normal in one. This emphasizes the sensitivity of using protein synthesis for detecting early muscle changes which may not always be detected by the usual histologic methods or changes in serum CPK. It is possible, however, that more refined technics such as histochemistry and electron microscopy might be developed to where early stage abnormalities could be seen. The detection of DMD carriers presents the same sort of problem since some true carriers fail to show changes in CPK or histologic findings in muscle but can be detected by changes in protein synthesis.' A patient in an early stage of FSH muscular dystrophy showed increased protein synthesis not only in extracts derived from deltoid muscle but also in those from the vastus lateralis, indicating the extension of the biochemical disorder even though clinical involvement of the latter muscle is seen only in advanced stages. The advanced stage (cases 5 through 8) was clinically characterized by the involvement of girdle muscles as well as facial muscles and histologic abnormalities of a dystrophic type (variation in myofiber size and degenerating and regenerating myofibers) with moderately elevated CPK levels in three cases.
Nevertheless, amino acid incorporation of the polyribosomes was decreased in three patients and within the normal range in one. We could 1 to normal muscle function. Conceivably, this could cause a n excessivc turnover o r the conp r o t e i n o r proteins synthesized in large amounts in the early stage of the disease.
Summary
The ribosome content and distribution on sucrose density gradients of polyribosomes from deltoid muscle extracts were normal in seven of e i g h t patients with inherited lacioscapulohumeral ~nuscular dystrophy. 
